The performance of optically pumped semiconductor lasers is improved using a modified approach to fabricating large-area gain mirrors.
Figure 1. Scanning electron micrograph of a wafer-fused gain mirror.

Figure 2. Schematic of the cavity of a vertical external surface-emitting laser (VECSEL). M 1 : Curved mirror. M 2 : Output coupling mirror.
We subsequently used the wafer-fusion process to produce defect-free large-area gain mirrors. In this method, we bring the InAlGaAs/InP active wafer into contact with the GaAs/AlGaAs DBR mirror wafer at 600
• C and apply pressure. 6 After cooling, we complete the process by selectively etching the InP wafer (see Figure 1 ). We combined these gain mirrors with intracavity dia-
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10.1117/2.1201307.004905 Page 2/3 mond heat-spreaders, and with curved and output coupling mirrors, to build optically pumped VECSELs: see Figure 2 . [7] [8] [9] [10] Figure 3 summarizes the maximum output power levels reached with 1300 and 1550nm wafer-fused VECSELs with different pump-spot sizes. The maximum output power scales with spot size: a 2.5 increase in size corresponds to 2.5 increase in output power. In addition, higher output power is reached at lower pump-power density levels because of increased laser efficiency. We found that VECSELs with a lower pump-spot size diameter of 180 m show a very good M 2 (beam quality factor, or degree of imperfection) of less than 1.5. We used these devices for pumping Raman fiber lasers that achieved 1.1W output power at 1380nm with pumping at 1300nm 10 and 0.5W at 1600nm with pumping at 1500nm. 11 We employed higher-power devices with larger pump-spot sizes of around 300 m in intracavity frequency-doubled VECSELs that exhibited 1W output power at 785nm (1570nm doubled) 8 and 3W at 650nm (1300nm doubled). 9 Generally, in VECSELs with intracavity diamond heatspreaders, the emission spectra have multiple emission lines resulting from the diamond Fabry-Pérot etalon. Recently, we modified the VECSEL cavity by introducing an additional intracavity wavelength selection mechanism that enabled 1W singlefrequency operation at 1562nm (see Figure 4 ) with 18MHz linewidth and coherence length longer than 5km. 12 In conclusion, our wafer-fusion fabrication approach has produced state-of-the-art performance of 1300-1500nm waveband optically-pumped VECSELs. We expect this technology to boost the development of new types of fiber lasers and amplifiers, frequency-doubled lasers, and high-power single-frequency lasers in the important wavelength range of low-loss single-mode silica fibers. Further design optimization of our wafer-fused gain mirrors should enable an increase in output power to 10W and more.
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